was mitogenic for both of these tissues; the response to lipopolysaccharide was enhanced by addition of 50 ,uM ZnCl2, but the concanavalin A response was unaffected. The possibility that the zinc effect is mediated by proteolytic mechanisms is discussed.
ZnCl2 over a very narrow concentration range was found to be mitogenic for hamster lymph node cells but not for thymocytes or splenocytes. Maximal stimulation occurred at 10 ,uM ZnCl2. Mitogenicity was determined by [3H]-leucine, [3H]uridine, and [3H]thymidine incorporation. Addition of 10 AM ZnCl2 was found to greatly enhance the stimulation observed with the B-lymphocyte mitogen lipopolysaccharide but not with dextran sulfate or the T-lymphocyte mitogen concanavalin A. Although not mitogenic for splenocytes, 10 to 25 ,AM ZnCl2 slightly enhanced lipopolysaccharide stimulation but not concanavalin A or dextran sulfate stimulation. The effect of ZnCl2 on lipopolysaccharide stimulation was also confirmed with outbred Hartley guinea pig splenocytes and lymph node cells. Zinc chloride (50 ,uM) was mitogenic for both of these tissues; the response to lipopolysaccharide was enhanced by addition of 50 ,uM ZnCl2, but the concanavalin A response was unaffected. The possibility that the zinc effect is mediated by proteolytic mechanisms is discussed.
The zinc ion plays a role in a wide variety of biological systems. It is a cofactor in a number of metalloenzymes that include proteases and ribonucleic acid and deoxyribonucleic acid polymerases (8) . A deficiency of this ion has been shown to dramatically affect many metabolic systems in both animals and humans (9) .
This ion has been shown to stimulate [3H]-thymidine incorporation into serum-deficient cultures of nonlymphoid cells (11, 12) . In addition, ZnCl2 has been shown to be mitogenic for a subpopulation of human peripheral blood lymphocytes (1, 7, 13) . The subpopulation of cells affected may be thymus derived (15 (14) . Zinc has also been shown to affect the activity of macrophages and platelets (3) .
In the present study, To determine whether the observed differences between hamster lymph node cells and spleen cells, with respect to the mitogenicity of ZnCl2, were unique to hamster cells, guinea pig lymph node and spleen cells were cultured in the presence of 1 to 100 AM ZnC12. In contrast to the effect on hamster cells, ZnCl2 was mitogenic for both spleen and lymph node cells from guinea pigs. The maximum response (observed at 50,uM ZnCl2) gave stimulation indexes that varied from 2 to 5. However, consistent with the hamster data, addition of ZnCl2 (peak response, 50 ,uM) to cultures enhanced the response to LPS in both lymph nodes and spleen cells (Table 5) .
DISCUSSION
Inorganic ions such as zinc, magnesium, manganese, selenium, and others play important roles in the metabolism of cells via their function as cofactors in enzymes (8, 9) . The zinc ion, in particular, has been shown to be an essential component of enzymes which could influence cell proliferation such as ribonucleic acid and deoxyribonucleic acid polymerases and proteases (8) . These polymerases are necessary for (10) .
In the present study, addition of 10 lM ZnCl2
to hamster lymphoid cells led to a mitogenic response only in cultures of lymph node cells (Tables 1 to 3 ). This zinc concentration stimulated incorporation of [3H]leucine, [3H]uridine, and [3H]thymidine with kinetics similar to those observed for other mitogens, and it is therefore a true mitogen. The effective concentration of zinc is 10-fold lower than that needed for a response in the human system (1). Whether this is a reflection of the sensitivity of the hamster system or is due to the absence of serum in the hamster cultures and not in the human system (10% autologous serum) (6) is unknown. It should be noted that the guinea pig cultures were performed in 5% fetal calf serum, and in this system 50 ,uM ZnCl2 was required to obtain a mitogenic effect (Table 5 ).
In addition to being a mitogen for hamster lymph node cells, 10 ,uM ZnCl2 greatly potentiated the response of this cell population to LPS (Table 2) . However, the response of splenocytes to LPS was not as dramatically enhanced (Table 4) . Apparently the potentiation occurs only when zinc is a mitogen and most likely indicates that potentiation of the LPS response is due to secondary factors rather than to a direct effect on LPS activation of lymphoid cells. This idea is supported by the evidence obtained with guinea pig lymphoid cells for which zinc is a mitogen for both splenocytes and lymph node cells, and potentiation of the LPS response of both tissues was observed in the presence of zinc (Table 5) .
Several possible explanations exist for the mechanism by which zinc exerts its direct mitogenic effect and its indirect potentiation of the LPS response. The possibility most consistent with previous reports is that a protease is involved. It has been shown that subpopulations of cells (B-lymphocytes) from both lymph node cells and splenocytes from hamsters can be stimulated by the proteases trypsin and chymotrypsin (4). In addition, suboptimal concentrations of trypsin greatly potentiate the response of hamster splenocytes and lymph node cells to LPS and not to DxS (6) . However, addition of soybean trypsin inhibitor to lymphoid cultures stimulated with LPS led to an inhibition of the response in cultures of lymph node cells and not in splenocyte cultures (6) . The response of these lymphoid cells to DxS was not affected by the trypsin inhibitor (6) . Addition of the trypsin inhibitor a-L-tosyl-L-lysylchloromethyl ketone blocks activation of both hamster lymph node and spleen cell cultures by LPS but not ConA (5 (15) . However, since in the present report zinc potentiated the response only to LPS, and only in cultures of lymph node cells, the possibility that the mechanism is related to the interaction of the a2-macroglobulin with proteases is unlikely.
A third possibility is that the effect of zinc is due to the in vitro activation of a protease. It is known that some proteases are activated by zinc ions (8) . If such an enzyme was present only in cultures of lymph node cells, then the tissue restriction observed for hamster cells could be explained. Alternatively, such an enzyme could be present in both lymph node and spleen cell cultures, but it is only effective in lymph node cultures because it is present in low concentrations, and interference by erythrocytes in spleen cell cultures can obscure its effects in the latter cultures. The sharp dose response curve for activation of cells by zinc may be a reflection of the association constant of this ion for the protease.
Further characterization of both the cells and 
